Introduction
Trichinellosis is a zoonotic disease caused by nematodes of the genus Trichinella, consisting of eight species and four genotypes (T. spiralis, T. native, T. murrelli, T. britovi, T. nelsoni, T. pseudospiralis, T. papue, T. zimbabwensis, T-6, T-8, T-9, and T-12). [1] [2] [3] These species are distributed throughout the world and are widespread, affecting carnivores, humans and incidental hosts. 4 Between 2004 and 2009, there were 15 outbreaks of human trichinellosis in China, with 1,387 cases and four deaths. In Mexico, particularly in Zacatecas, approximately 758 cases of human trichinellosis were reported during the period between 1952 and 1997. Most outbreaks occurred due to consumption of raw or undercooked pork. 5 Between 1970 and 1990, eight cases of trichinellosis were reported in children whose diagnosis was made through epidemiological, clinical and laboratory tests. The highest frequency occurred in the group between 10 to 14 years, coming from a low socioeconomic level. 6 Currently, there are about 11 million people infected by nematodes of the genus Trichinella spp. 7 The importance of trichinellosis in incidental hosts such as the dog was demonstrated in studies conducted in China, where 13 provinces were analyzed. In the municipal butcher shops, a prevalence of 16.2% was found, with a range of 1.2 to 44.8%, while the prevalence found in the markets was 3.5%, which represented a serious public health problem.
In countries such as Finland, the risk of trichinellosis in domestic dogs was reported in 19.4%, while infection with T. native was found more frequently in multi parasitized free-living dogs with other Trichinella species. Therefore, the possibility of infection when the meat of these animals, raw or undercooked, is ingested by humans and synanthropic hosts is increased. 8, 9 In this way, the possibility of contracting this parasitic increases by having more hosts with infection potential, and opens new routes of infection for humans.
It is important to point out that trichinellosis is a potentially deadly zoonosis, so it is imperative to know all the probable sources and the mechanism of infection of the parasite, as well as to analyze the proteins involved in pathogenicity and infection. Because it is a disease that is still poorly diagnosed and confused with other gastrointestinal disorders, the preceding will provide adequate tools for treatment.
Methods

Animals and treatment
Wistar rats were infected intragastrically with approximately 1000 L1 larvae. Thirty days post-infection, animals were sacrificed. The infective larvae were extracted from skeletal muscle by artificial digestion, using 1% pepsin-HCl at 37°C in constant agitation for three hours.
The handling of animals was carried out according to the official norms and guidelines of the Ethics Committee of the Hospital Infantil de México Federico Gómez.
Obtaining excretion-secretion products of Trichinella spp L1 larvae
The larvae obtained by artificial digestion were kept in culture boxes under an atmosphere of 5% CO 2 at 37 °C for 20 days. Subsequently, the concentration of the excretion-secretion products (ESP) was determined.
Electrophoresis of the excretion-secretion products of T. spiralis larvae
Once the concentration was calculated, 2.5 μg of protein were analyzed by electrophoresis in 10% acrylamide/bisacrylamide gels (SDS-PAGE). The gels were stained with silver. The protein samples were subsequently analyzed by Western blot.
Preparation of the protein sample
For the ESP sample, 500 μl of lysis buffer (4% SDS, 100 mM DTT, 100 mM Tris pH 8. mixture was incubated at 40 °C for 30 min to reduce the proteins. Subsequently, Tris was added to a final concentration of 300 mM and 200 mM iodine acetamide (IAM) to alkylate the protein mixture, which was incubated at room temperature and in darkness for 30 min. The proteins were precipitated by adding nine volumes of absolute ethanol, incubating at -20 °C overnight. The proteins were solubilized in 50 mM guanidinium chloride and 20 mM Tris. Proteolytic digestion was performed with trypsin 1:50, incubating overnight at 37 °C.
The peptide mixture was acidified to 0.1% with trifluoroacetic acid (TFA) and desalted in Sep-Pak ® C18 cartridges. The peptides were washed three times with 0.1% TFA and subsequently eluted with 1 ml of 60% acetonitrile and 0.1% TFA. The eluted solution was completely dried using a SpeedVac ® centrifuge, and the dried peptides were frozen at -80 °C.
Protein identification by liquid chromatography coupled to mass spectrometry
The peptide mixture was resuspended in 50 μl of 0.1% formic acid, and then placed in an injection vial to be separated in an Ultimate 3000 RSLC nano HPLC (Thermo Scientific ® ) by a pre-concentration column of PepMap100 C18, 5μm, 100 Å (Thermo Scientific ® ) connected to analytical column C18 of 75 μm internal diameter and 15 cm long (Agilent Technologies ® ). The peptides were eluted with a non-linear gradient of 2% to 40% solution B (0.1% formic acid in acetonitrile) for 240 min at 250 nl/min, and analyzed online in a quadrupole-TOF mass spectrometer Impact II (Bruker Daltonics ® ), which was operated in positive mode with a CaptiveSpray ® source.
Proteomic data analysis
The mass spectra were processed using the Data Analysis program (Bruker Daltonics ® ) and compared with the SwissProt ® protein database, using the Mascot ® search engine. The data were searched with a peptide mass tolerance of 7 ppm and with a tolerance of 0.05 Da and a minimum peptide length of five amino acids for the fragmentation products. Cysteine carbamidomethylation was considered as fixed modification and oxidation of methionine as a variable. Up to two cutting omissions of the trypsin protease were allowed. The comparison of the proteins identified in each one of the replicates in control and the experimental sample was made using Venn diagrams. (http://genevenn. sourceforge.net/usm.edu, implemented by Mehdi Pirooznia). Only the proteins that were in the three replicates of each sample were taken as valid for the comparison between the control sample and the experimental sample.
Characterization of proteins by gene ontology
Exclusive proteins from incidental hosts were categorized using Web Gene Ontology Annotation Plot (http://wego.genomics.org.cn/cgi-bin/wego/index. pl). 10, 11 The data of these proteins were analyzed and compared, showing the characteristic biological functions in a graph.
Results
Animals and treatment
The biological cycle of Trichinella spiralis was reproduced in Wistar rats inoculated intragastrically with L1 larvae. We obtained 20,000 L1/Ml larvae of the Z1, Z2, Z3 and Z4 isolates of T. spiralis, as well as the strain derived from a pig (Fig. 1) .
Excretion-secretion products from L1 larvae of T. spiralis and the strains obtained from incidental hosts
ESPs were collected weekly, measuring the concentration of proteins in the culture medium with the Epoch 
Gen5
® spectrophotometer. The concentration range ranged between 0.5 and 4.5 μg/μl.
Electrophoresis of the excretion-secretion products from larvae of T. spiralis
The electrophoresis was performed to know the total of proteins expressed in the ESP of each strain and, depending on the protein profile, analyze if there were differences or similarities between them, taking as a point of comparison the strain of T. spiralis obtained from pig (Fig. 2) .
Western blot
Rabbits were inoculated to obtain polyclonal anti-ESP antibodies from each strain. The serum was obtained, and the ELISA technique was performed to verify the presence of this antibodies. The cut-off point was 0.995 nm. Those that exceeded this threshold were considered positive and were analyzed by Western blot. Figure 3 shows the antigenic triplet characteristic of T. spiralis of 43, 45 and 47 kDa, corroborating that, indeed, Z1, Z2, Z3, Z4, and the reference strain share antigenic proteins.
Differences were found in the expression of high molecular weight proteins, between 110 and 180 kDa. These results showed the different antigenicity among the samples analyzed. The difference between the expressed proteases and the protein profile in the ESP allowed demonstrating that the expression of proteins in the different isolates of the parasite is related to the function of the isolate itself and the parasitic host.
Identification and analysis of proteins by liquid chromatography coupled to masses
Five exclusive proteins were identified for T. spiralis samples from incidental hosts about the reference strain obtained from pig (Fig. 4) . These exclusive proteins, since they have proteolytic functions, could confer greater pathogenicity to the parasite. The ability of these strains to penetrate the skeletal muscle and establish the disease is higher compared to the reference strain (Table 1 ). 
Characterization of proteins by gene ontology
To a better understanding of the functions of the identified proteins, the WEGO (Web Gene Ontology Annotation Plot) program was used, categorizing the proteins into two groups: those with molecular functions and those immersed in biological processes ( Figure 5 ). The five proteins analyzed in this study are part of the extracellular matrix of the parasite and have catalytic and binding to host cells activity.
The identified proteins have molecular functions corresponding to the formation of the extracellular matrix of the parasite, catalytic activity and binding to host cells.
Discussion
The proteins present in the ESP play an essential role in the invasion, the evasion of the immune system and the adaptation between parasites and the immune response of the host. 12 In an analysis conducted by Nagano et al. in 2009, three main proteins were found: 43, 53 and 45 kDa. 13 The authors established that the host mostly recognizes these glycoproteins during infection. Ortega et al., in 1989, found 28 proteins in a molecular weight range between 11 and 200 kDa. 14 Our results agree with these authors since the ESP of the Z1, Z2, Z3, Z4 and the reference strain isolates showed proteins in a range of 28 to 200 kDa, besides presenting the glycoproteins of 43 and 45 kDa. The proteomic analysis showed proteases that participate in the host-parasite interaction. This data is of great relevance since many pathogens use these proteins to facilitate the entry of parasites to the host's target cell, initiating infection and evasion of the immune response. Extracellular proteins and binding to host cells proteins were also found.
Regarding the Western blot, all the isolates showed the triplet of proteins 43, 45 and 47 kDa, corresponding to glycoproteins containing tivelosa as an antigenic agent. These proteins have already been molecularly characterized and are known to be important in the formation of the nurse cell and the transformation of muscle cells. 14 It should be noted that we found differential expression of proteins that have a high molecular weight between 110 and 180 kDa.
This work allowed us to analyze the antigenic characteristics of T. spiralis and identify proteins, shared and exclusive, of strains obtained from incidental hosts (not previously reported) against the reference strain isolated from pigs (the usual host of this nematode).
It was important to analyze the participation of this new host in the biological cycle of T. spiralis since it could be an indirect way of transmitting this disease to humans by infecting feral pigs used for human consumption. In this paper, we present the bases for future research on the mechanisms of indirect transmission to humans.
The analysis of the ESP of larvae of T. spiralis obtained from incidental hosts showed the presence of five proteins different from those reported in the isolated pig reference strain.
According to the analysis by Western blot, these proteins have greater pathogenicity about the reference strain and present a different pattern of proteases, which gives them greater invasive power. The analysis of these proteins is important, since genetic information can be transferred for translation from incidental hosts to habitual hosts of this parasite, and if so, very often the infection to humans would be more severe and lethal.
In strains isolated from dogs, proteins of greater invasion to host cells are presented, so the analysis and use of these proteins could serve as an early diagnosis by not presenting a cross-reaction with other helminths, such is the case with the T. spiralis isolated from pigs.
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